MATERIALS AND METHODS
Animals. Except as otherwise noted, the animals were female Sprague-Dawley rats from our previous study (12). They were maintained on Purina laboratory chow throughout the exposure period. Centrifuged rats were fasted 18-24 hr prior to their removal from the centrifuge and then sacrificed by heart puncture under pentobarbital anesthesia (40 "g/kg, ip). Noncentrifuged control animals were housed in a room adjacent to the centrifuge facility and, except for the centrifugation, were treated in the same manner.
Centrifugation. Cages were mounted on an 8.5-ft radius centrifuge at various distances from the center of rotation. A free-swinging yoke assembly held the cages so that the animals were subjected to a resultant force of gravity and centrifugation of either 3.5 or 4.7 G. Animals were exposed to centrifugation continuously from weaning age for a period of 1 year except for daily service stoppages of approximately 20 min. To simulate day-night cycling, all cases were illuminated with fluorescent lights automated to provide on-off cycling at 6: 00 AM and 6: 00 PM, respectively. Plasma analyses. Blood obtained by heart puncture was heparinized, and the plasma was either analyzed immediately or frozen for analysis at a more convenient time. Plasma free fatty acids (FFA) were determined on 0. For chemical analysis the shaft bone was dried at 110 C for 16 hr and powdered with a mortar and pestle; 50-mg samples were ashed at 600 C for 6 hr, cooled, and weighed (% ash). A weighed portion of the ash was dissolved in 1 ml of 6 N HCl and diluted to 100 m.l with water, and aliquots of the solution analyzed for calcium, magnesium, and phosphorus by the same methods used in the plasma analyses. Another 50-mg portion of the shaft bone powder was digested with sulfuric acid and the percent nitrogen determined by Kjeldahl analysis.
RESULTS
Plasma nnaZ~~es. The results of a series of analyses of various plasma constituents of noncentrifuged and 1 -year centrifuged rats are presented in Table 1 . Since the body masses of the two centrifuged groups (groups C, D) were markedly smaller than the controls of their corresponding age (group B), another group of rats having a body mass intermediate between the two centrifuged groups was included for comparison (weight control, group A). Animals of the weight-control group were 3 months old. To assess the effect of removing animals from the centrifuge after prolonged centrifugation, four rats exposed to 3.5 G for 1 year were taken off the centrifuge for 1 month and then sacrificed (group E). Although some statistically significant differences in the analyses were found between the various groups, in general, the differences were not very large nor consistently correlated to the G load. Plasma calcium, for example, was decreased significantly in the 4.7-G animals (group D) from levels found in either control group but not in the 3.5-G animals (group C), whereas plasma phospholipids showed a significant decrease in the 3.5-G animals (group C) but not in the 4.7-G animals (group 0). Plasma cholesterol levels appeared to be higher in both centrifuged groups (C, D) compared with either of the two control groups; however, only the change in the 3.5-G animals (group C) was statistically significant.
Group E gained an average of only 14.5 g in bodv mass during the month off the centrifuge. This increase in body mass was very gradual in contrast to the precipitous and substantial increase in body mass exhibited by rats removed from the centrifuge after 3 months of chronic centrifugation as noted previously ( 10). Tissue lipids. The total lipid content of selected tissues from control and centrifuged rats is shown in Table 2 . Significant decreases in lipid concentration occurred in liver, kidney, and adipose tissues of centrifuged rats, especially in those exposed to 4.7 G. The most noticeable change was the loss of abdominal-fat depots. The 4.7-G group was almost completely depleted of abdominal fat. Phospholipid and total cholesterol were determined on the weight control and the 3.5-and 4.7-G groups (Table  3) . Liver and muscle glycogen levels were also measured.
Age controls were not run in this series of analyses.
The only statistically significant difference noted between the weight control and the two centrifuged groups was an increase in the adrenal cholesterol level. To ascertain whether there were any changes in the composition of tissue lipids, a series of gas chromatographic analyses was run to determine the fatty acid composition of kidney and adipose tissue. The fatty acid composition of kidney tissue lipids is shown in Fig.  1 controls. The wet weight and length of the femur of the 4.7-G group were reduced significantly; however, there was a significant increase in the wet weight-to-body mass and length-to-body mass ratios. The increase in these ratios appeared to be the result of a disproportionate decrease in the body mass of the centrifuged rats. There appeared to be a trend toward a relatively wider cross-sectional area as evidenced by an increase in the width-to-depth ratio, although the differences were not statistically significant. Chemical analyses of the shaft portion of the.femur bone revealed no significant differences between control and centrifuged groups except for a small increase in the phosphorus content and a decrease in the magnesium content of the bone as shdtvn in Table 6 .
Bone analyses. A comparison of the size, weight, and water and fat composition of the right femur bone of l-year centrifuged rats along with their corresponding age controls is presented in Table 5 . The largest differences found were between the 4.7-G group and their Spinal column curvature. Exposing rats to high G for prolonged periods often causes an abnormal curvature of the spinal column.
Radiographs of two chronically centrifuged rats and a noncentrifuged-control rat are shown in Fig. 2 . Both centrifuged rats show a buckling of the spinal column at the cervical-thoracic region. The downward slope of the thoracic vertebrae of the centrifuged rats is also clearly more acute (approximately 7-10') than in the control animal. These chronically centrifuged rats also show an enlarged thoracic cage.
DISCUSSION
The results of this study provide further evidence in support of our previous findings and conclusion that rats can be subjected to 4.7 G continuously for as long as 1 year without any serious damage or pathologic change. Analyses of blood, visceral tissues, and femur bone of chronically centrifuged rats showed only minor changes in their chemical composition, except for certain lipid constituents. The most obvious change in composition was the pronounced loss of body-fat depots, undoubtedly due to the increased energv demands placed on animals exposed to high-G conditions. This loss of body-fat reserves occurred even though chronically centrifuged rats have a higher rate of food consumption than corresponding noncentrifuged controls (11 (19) to occur in chronically centrifuged mice. Our data agree with those of Smith and Kelly (16) who found that although the relative size of the femur bone increased in chronically centrifuged chickens, the actual femur mass was less than that of control animals. Because the very significant differences in the body mass between control and centrifuged animals and also because of the marked alteration in the fat depots, comparison of the relative femur mass with respect to body mass may not be valid. A possible explanation for the absence of femur bone hypertrophy in chronically centrifuged rats is that these animals spend most of their time during centrifugation resting on their bellies and chests, hence minimizing the load on their legs and feet.
